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VJHAT IS CLAIMED IS;: 

j\ x feedback compensating aPP«a,us 
\ „. a working machine {or 

«k» «— W° ludlM ^ ^ each o£ at least one 
performing a wolking ^"""^^ of workpieces, to 
working portion bf •«= suoh that 

<a each working portion as a 
process sa ia each ^ ^ ^ tfortpieces take 

working operationi on sa ^ ^ ^ 

place successive!^ one ^ rf said ^ 

means for determining a wor*^ ^ ^ 

machine on the ^ ^ ^ 

control - tlsuring -ice for measuring 

working — J* worting pQrtlons of the workpieces 

actual dimensions ofi 9 machlne , sald 

— 64 01 ^ - - sald MChine 

£ eedhack c^'tT device, said apparatus 

control means and saw 

comprising! \ obtaining dimensional 

da ta Otaink, means ^ ^ ^ 

dat a on the -J* ^ a seoon4 period Rowing 

at ieast one of a -tW _ said h 

S aid first penod sa^ ^ ^ perlod , 

working Portion hem, J° err0I ot the 

alto "T w Lpieoes. and a variable 
working Portions of \ ald dimensional error 

indicative of a tendency if cnang 
oJ the workpieces; and 



4 
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fc -««lnw»an B for determining a compensating 
compensating! means tor 

si 9 naX as said extraLus si,naX on t„e basis of said 
^ensional data, and appXyin, said co.pensa.in, s 19 naX to 

*- n adiust said working condition 
said machine control itkUs, to ad 3 ust 

of said working machine. 



2. A 

according to claim 1, 
consist of a plurality 
motor vehicle, and 
consists of at least 
said cylinder blocks, 
honing machine for ho! 
each of said at least 



feedback compensating apparatus 
wherein said plurality of workpieces 
of cylinder blocks for an engine of a 
3 aid at least one working portion 
one cylinder bore formed in each of 
said working machine consisting of a 
.ing an inner cylindrical surface of 
cylinder bore. 



me 



3 I A/1 feedback compensating apparatus 

accordin, to CU.X U - - ^\ 

consist of a pluraXitl o £ cranfcsbafts for an en 9 ine of a 
moto r „e h icie, and aid at Xeast one — ^ 
consists of at Xeastlne iournaX footed on eacb of sa.d 
cran^fts, said wLin, -Cine consists of 
cyXindrical ,rindin, Lacfcine for ^n, an outer 
cyXindricai surface of of said at ieast one 3 ournaX. 

4 x j feedback conpensatina apparatus 
accordin, to cXa* X. irein said .asurin, 
. post-process ^easurij,, device for peasur.n, ■ t h e 
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dimensions of the processed working portions of the 
workpieces during said second period , and said working 
system further includes an in-process measuring device for 
measuring the actual dimensions of the working portions 
during said first perioL and wherein said data obtaining 
means obtains as said dimensional error differences between 
the actual dimensions If said processed working portions 
measured by said post-prlcess measuring device and a nominal 
value of said working lortions, said data obtaining means 
further obtaining as saik variable a variable indicative of 
a tendency of change in said differences, said compensating 
means determining said compensating signal on the basis of 
said differences and laid variable indicative of said 
tendency of change in skid differences, and applying said 
compensating signal toAid machine control means so as to 
adjust a reference LAj^ is set in said machine 
control means as saiUlking condition, so that an output 
of said in-process measuring device is compared with said 
reference value as adjusted according to said compensating 
signal. 



5. A 

according to claim 1, 



feedback compensating apparatus 
wherein said compensating means 
Uprlsel fuzzy inf erLe means for effecting fuzzy 
inference to obtain a fuizy inference value, on the basis of 
said dimensional data, slid fuzzy inference value affecting 
said compensating signal .1 
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6. A feedback compensating apparatus 
according to claim 1, wherein said compensating means 
determines said compensating signal in the form of a 
compensating value representative of an amount of adjustment 
of said working condition, such that said compensating value 
is changed toward zero, when laid dimensional error and said 
variable indicative of said tendency of change obtained by 
said data obtaining means are larger than respective 

threshold values. 

7. A feedback compensating apparatus 

according to claim 1, whe::ein said compensating means 
determines said compensating signal in the form of 
successive compensating values representative of respective 
.amounts of adjustment of J^^dng condition, on the 
basis of said dimensional Lata on the working portions 
successively processed by said machine, said compensating 
means comprising determining means for determining said 
successive compensating values such that a present one of 
said successive compensating values is determined on the 
basis of said dimensional dc.ta currently obtained by said 
data obtaining means, and at least one preceding 
compensating value of said successive compensating values 
which precedes said present o le compensating value. 

8 . A feedback compensating apparatus 
according to claim 7, whelein said determining means 
determines a present provisional compensating value as said 



# 
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present one of said successive compensating values on the 
basis of said dimensional erlor and said variable " indicative 
of said tendency of change in said dimensional error, and 
adjusts said present provisional compensating value into a 
present final compensating value such that said present 
final compensating value liU on a line which is determined 
by said present provisional compensating value and a 
plurality of preceding provisional compensating values which 
precede said present provisional compensating value, said 

^ a ^„ a i ehalae in said amounts of adjustment 
line assuring a gradual cnamge j.« 

of said working condition. 

9. a feedback compensating apparatus 
according to claim 1, f^J^ ^ obtaining means 
obtains on the basis ^f/said outputs of said measuring 
device, said dimensional eJror, a first variable indicative 
of said tendency of change in said dimensional error, and a 
second variable indicative of a tendency of change inlaid 
first variable, during at ijeast one of said first and second 
periods . 



10. A methbd of processing at least one 
working portion provided on each of a plurality of 
workpieces, such that said workpieces are successively 
processed one after anotherjby a working machine, composing 
the steps of: 
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obtaining dimensiokal data including a dimensional 
erro r of the processed working portions of the workpieces. 
and a variable indicative ct a tendency of change in said 
dimensional error of the workpieces, during at least one o 
a first period during which a working operation on each of 
said at least one working Portion is performed and a second 

period; and 

dimensional data to said working 
.ng condition of said machine on 
the oasis of said dimensional data, for subseguent work^g 
operation on the working portions of the worses 
according to the adjusted Aorking condition. 



period following said first 
feeding back said 
machine, to adjust a work:. 



11. A 



obtains a present value 
working portions of the 




compensating apparatus 

, , Sjirein said data obtaining means 
according to claim 1, wnerex 

f an estimated dimension of the 

workpieces on the basis of a 
predetermined first number of successive measured values 
presented by the outputs of the measuring device, saxd 
data opining means further obtaining a present dimens.ona 

ference of said present value of 
rom a nominal dimension (Ao) of 



error value which is a di 
said estimated dimension 



the working portion of ea h workpiece, said data — 
means further obtaining a iresent value of said variable, on 
the basis of a predetermined second number of success, 
tne uttai,, nresent 



dimensional error values 
dimensional error value, 



which includes said present 
and wherein said data obtaining 



0 
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means including at least 
and variable obtaining 



v 

one of dimension estimating means 
neans, said dimension estimating 
means " obtaining said present value of said estimated 
dimension in a standard manner when the number of the 
successive measured values currently available is not 
smaller than said predetermined first number, and in a 
special manner different from said standard manner, when the 
number of said successive measured values currently 
available is smaller than said predetermined first number, 

means obtaining said present value 
of said variable in a standard manner when the number of the 
successive dimensional e|rror values currently available is 

second number, and in a 
a standard manner for said 
er of said successive dimensional 
available is smaller than said 



not smaller than sai 
special manner diff 
variable, when the 
error values currently 




predetermined second numaer. 



por tions 



12. A 
according to claim 1, 
plurality of working 
coaxial outer cylindrical 
direction thereof, said 
of working tools whict 
working portions, respec 
being moved relative 
simultaneously process 



eedback compensating apparatus 
wherein said each workpiece has a 
in the form of a plurality of 
surfaces arranged in an axial 
working machine including an array 
correspond to said plurality of 
tively, said array of working tools 
to said each workpiece to 
said working portions, and wherein 



m 
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said measuring device includes an in-process measuring 
device and a post-process measuring device, said in-process 
measuring device having two in-process measuring heads for 
measuring diameter values of respective two end working 
portions of said plurality^ of working portions, during a 



working operation of said 
said two end working port 
axial ends of said eacji 
measuring device measuring 



said array of working tooljs 
is adjusted and said wor 
said each workpiece i 
diameter values of sai 



machine on said each workpiece, 
ons being located near opposite 
workpiece, said post-process 
diameter values of said plurality 
of working portions, respectively, after said each workpiece 
is processed by said machijie such that an operating angle of 

relative to said each workpiece 
ig operation of the machine on 
H on the basis of said 
end"working portions measured by 




said in-process measuring heads, in relation to two 



reference values set foi 



said two end working portions, 
respectively, said feedback compensating apparatus further 

comprising: 

determining meJns for determining two compensating 
values for adjusting saic. two reference values, on the basis 
of said diameter values >f all of said plurality of working 
portions of said ea,:h workpiece measured by said 
post-process measuring device; and 

applying means for applying said two compensating 

values to said machine control means. 
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13. A feedback compensating apparatus 
according to claim 1, Wrein said machine performs the 
working, operations successively on said plurality of 

one kind, and said measuring device 
measuring device for measuring the 
working portions of the workpieces 
which have been processed by said machine, and wherein said 
data obtaining means obtains a set of dimensional data for 
each of said at least one kind of the workpieces, said 
apparatus further comprising: 



workpieces of at least 
includes a post-process 
actual dimensions of the 



obtaining means for obtaining the 
v kpieces of each of said at least 
ocessed by said machine and which 
id" post-process measuring 




extraneous signal a com; 



number data 
number of pre-measured 
one kind which have 
have not been mea^ 
device , 

said compensating means determining as said 
*nsating value for said each kind of 
theworkpieces, on the Lis of said set of dimensional data 
and said number of slid pre-measured workpieces of the 
corresponding kind whi<k have been obtained by said data 
obtaining means and slid number data obtaining means, 
respectively, said compensating means applying sa.d 
compensating value to sa|d machine control means. 

14. A feedback compensating apparatus 
according to claim ll wherein said measuring device 
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successively measures thA workpieces processed by said 
working machine, wherein sakd compensating means includes: 

determining meals for determining as said 
extraneous signal a compensating value for adjusting said 
working condition of machine (110), on the basis of said 
dimensional data obtained by said data obtaining means, said 
determining means updating said compensating value from time 
to time on an intermittent basis while said workpieces 
processed by said machine Jre measured successively by said 
measuring device; and 

applying means 
value to said machine cor 



for applying said compensating 




15. AV_^fe«dback compensating apparatus 
according to claim 1, vjherein said compensating means 
includes: 

determining meajis for determining as said 
extraneous signal a compensating value for adjusting said 

^ machine (110) for the workpieces 

to be processed subsequently by said machine, on the basis 
of the actual dimensions of the working portion of the 
workpieces which have beln measured by said measuring 
device, and according to a compensation rule which changes 
with a change in a vibration level of measured values of 
said actual dimensions obtained by said measuring device; 
and 
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applying means 
value to said machine 



cor trol 



for applying said compensating 
means . 



16. A 

according to claim 1, 



value to said machine 
value falls within saic. 



17. 

according to claim 



feedback compensating apparatus 
wherein said compensating means 
applies said compensating value to said machine control 
means to adjust said working condition of said machine when 
said compensating value is outside a predetermined tolerable 
range, and inhibits tie application of said compensating 

control means when said compensating 
tolerable range. 




determining also as 
compensating value to 



ack compensating apparatus 
iurther comprising manual compensating 
means for effecting Jn manual adjustment of said working 
condition of said machine, said manual compensating means 

said extraneous signal a manual 
adjust said working condition of said 
machine, in response to manual compensating data entered by 
an operator of said machine, said manual compensating means 
applying said manual compensating value to said machine 
control means, and wherein said compensating means functions 
as automatic compens* :ing means for effecting an automatic 
adjustment of said working condition, said automatic 
compensating means determining as said compensating signal 
an automatic compensating value for adjusting said working 
condition of said machine for the workpieces to be processed 
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subsequently by said machine, on the basis of said 
dimensional data obtained ry said data obtaining means, said 

means applying said automatic 
machine control means, 
ompensating means interrupting an 
automatic adjustment when said 
d manual compensating means is 



automatic compensating 
compensating value to said 
said automatic c 
operation to effect said 
manual adjustment by sa: 



automatic adjustment, at c 



started, and resuming said operation to effect said 



moment not earlier than a moment 
when a first one of the wotkpieces processed by said machine 
under the working condition adjusted by said manual 
compensating value has /bjee^ measured by said measuring 
device . 



18. A feedback compensating apparatus for a 
working system includinc (a) a working machine for 
successively processing a plurality of workpieces, (b) 
machine control means for determining a working condition of 
said working machine on the basis of an extraneous signal, 
and controlling said working machine according to the 
determined working condition, and (c) a measuring device for 
measuring actual dimensicns of working portions of the 
workpieces processed by said working machine, said feedback 
compensating apparatus beiig used with said machine control 
means and said measuring dsvice, said apparatus comprising: 

data obtaining means for obtaining dimensional 
data on the basis of outpv.ts of said measuring device, said 
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dimensional data including a dimensional error of the 
processed workpieces, and\ a variable indicative of a 
tendency of change in slid dimensional error of the 
workpieces, said data obtaining means obtaining a present 
value of an estimated dimension of the working portions of 
the workpieces on the basis of a predetermined first number 
of successive measured valu.s represented by the outputs of 
said measuring device, wh.m each of the workpieces is 
measured by the measuring device, said predetermined number 
of successive measured values consisting of a currently 
measured value currently obtained by said measuring device 

«. measured value which precedes said 

and at least one measured vaiu 

currently measured value 

said data objtai 
dimensional error value 
present value of said es 
dimension of the working 
said data obtaining means 
variable, on the basis of 



i^ns obtaining a present 
Ihich is a difference of said 
itimated dimension from a nominal 
portion of said each workpiece, 
obtaining a present value of said 
a predetermined second number of 



dimensional error value 



value which precedes said 



successive dimensional error values, when said present 



is obtained, said predetermined 
nuZrriucceVsive dimensional error values consisting of 
said present dimensional nrror value and at least one error 

present dimensional error value; 
said data obtaining means including at least one 
of dimension estimating mlans and variable obtaining means, 
said dimension estimating leans obtaining said present value 




- 201 - 



of said estimated dimension 



a special manner different 
the number of said succes 
available is smaller than s 



in a standard manner when the 
ZZot^ successive meaLred values current* available 
ls not smaller than said pr.deteo.ined first number, and rn 

Erom said standard manner, when 
stive measured values currently 
lid predetermined first number, 
said variable obtainin, means obtainin, said present value 
o£ said variable in a standJrd manner when the number of the 
successive dimensional erro values currently available xs 
not smaller than said predefined second number, and ,n a 

, Afferent from said standard manner for sard 
special manner different m 

variable, vhen the number of said successive dimensiona 
error values currently amiable i^ smaller than sa.d 
predetermined second nuir^r;/(U^/ 

compensate me4 tor determine a compensate 
sig nal as said extraneous si,nal on the basis of sa.d 
present value of said est,nated dimension and said present 
val ue of said variable, and applyin, said compensate 

„ v rt adiust said working 
signal to said machine control means, to adjust 

condition of said working machine. 

19. A feedback compensating apparatus 

i i™ 18 wierein said dimension estimating 
according to claim 18, wierei 

k • ,aid present value of said estimated dimension 
means obtains said present 

• aA first number of successive 
by inserting said predetermined first numb 

measured values into a redetermined elation, when *. 

^ of said successive measured value, currently 




# 
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smaller 



value 



available is not 
number., said diroensioji 
currently measured 
estimated dimension, 
currently available is 
number. 



than said predetermined first 
estimating means substituting said 
for said present value of said 
when said successive measured values 
smaller than said predetermined first 



20. A 



measured values into 
the number of sa; 
available is not 



feedback compensating apparatus 

according to ell 1 wherein said dimension estimating 
according estimated dimension 

means obtains said present value ot 

tina said predetermined first number of successive 
by inserting said prf ^ ^ 

measured values currently 

than said predetermined first 



present value of 
successive measured 
is smaller than 
appropriate one of 
respective numbers 



currently available 
number . 



1 ?^w»» 

|aid estimated dtaension by inserting 
values currently available whose number 
said predetermined number, into an 
special equations which correspond to 
smaller than said predetermined first 



active numoer* - . ^ ^ 
number, when the mrnber o£ said 

is smaller than said predetermined first 



21 A feedback compensating apparatus 

. " I. wherein said variable obtaining means 
according to c a^ , ^ ^ by 

obtains said present 
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said predetermined seconl number of successive dimensional 

error values into a predetermined standard elation, when 

the number of said successive dimensional error values 

currently available is rot smaller than said predetermined 

second number, said variable obtaining means obtaining sard 

present value of said variable by inserting successive 

dimensional error values currently available -hose number is 

smaller than said predetermined number, into an appropriate 

one of special eguaticls which correspond to respective 

nu mbers smaller than sa d predetermined second number, when 

the number of said successive dimensional error values 

•i.m. i^maller than said predetermined 
currently available ±s. Bmai^i. 

second number. 

22 X method of processing a plurality of 
worKpieces by a worfci,, system including (a, a wording 
machine for successively processing said plurality of 
worKpieces, (b, machine control means for determining a 
worXing condition of said worKin, machine on the basis of an 
extraneous signal, an<L controlling said wording machine 
according to the detained wording condition, and (c) a 
measuring device for measuring actual dimensions of worKing 
portions of the worses processed by said worKin, 
machine, said method by comprising: 

a step of obtainin, dimensional data on the bas 1S 

•„„ ^ 6 vire said dimensional data 
of outputs of said measuring device, 

, ^ n f t-he processed workpieces, 
including a dimensional error of the proce 
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and a variable indicative of a tendency of change in said 
dimensional error of the workpieces, said step of obtaining 
dimensional data inducing the sub-steps of (a) obtaining a 
present value of an estimated dimension of the working 
portions of the workpieces on the basis of a predetermined 
first number of successive measured values represented by 
the outputs of said measuring device, when each of the 
workpieces is measured by the measuring device, said 
predetermined, numbex of successive measured values 
consisting of a currently measured value currently obtained 
by said measuring device and at least one measured value 
which precedes said currently measured value, (b> obtaining 
a present dimensional error value which is a difference o£ 
.said present valu/ oft said^estimated dimension from a 
nominal dimensio/ Xthe^orking portion of said each 
workpiece, and Y) obtaining a present value of said 
variable, on the basL of a predetermined second number (L) 
of successive dimensional error values, when said present 
dimensional error value is obtained, said predetermined 
number of successive dimensional error valued consisting of 
said present dimensional error value and at least one error 



value which precedes i 
and 

a step of 
said extraneous sign 



.said present dimensional error value; 



determining a compensating signal as 
.1 on the basis of said present value of 
said estimated dimension and said present value of said 
variable, and applying said compensating signal to said 
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vof adiust said working condition of 
machine control means, tc adjust saw 

said working machine, 

and wherein said step of obtaining dimensional 
data is characterized bl comprising at least one of two 
features id) and «.). said feature (d) consisting in 
obtainin, said present .v.lue of said estimated dimension in 
a standard manner wheh t» number of the succeasive measured 
values currently available is not smaller than said, 
predetermined first nu^er, and in a special manner 
different from said stan-iard manner, when the number of sa.d 
successive measured values currently available is smaller 

first number, said feature (e) 
said present 7 value of said variable 
Lhen the/number ol the successive 
ietSrrently available is not smaller 
rnarTaid"predeter^ek second number, and in a special 
manner different fro,, said standard manner for said 
variable, when the number * said successive dimensional 
error values currently available is smaller than said 
predetermined second number. 



than said predetermine^ 
consisting in obtaining 
in a standard mannj 
dimensional error 



falu< 



23. A E 



working system including U) 
successively processing 



ieedback compensating apparatus for a 



working machine for 
a plurality of workpieces one after 
another, each of saik worKpieces having a plurality of 
worKin, portions in thl form of a plurality of coaxial outer 
cylindrical surfaces arranged in an axial direction thereof, 
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said working machine Lluding an array of working tools 
which correspond to said plurality of working portions, 
respectively, said array of working tools being moved 

workpiece to simultaneously process 
(b) an in-process measuring device 



relative to said each 
said working portions, 



having two in-process measuring heads for measuring diameter 



values of respective 
plurality of working po: 
said machine on said e 
portions being located 
workpiece, (c) a postj: 
measuring diameter va 
portions, respective 
processed by said 
controlling said 
said array of working 




two end working portions of said 
ctions, during a working operation of 
ach workpiece, said two end working 
:iear opposite axial ends of said each 
process measuring device (116) for 
.ues of said plurality of working 
after said each workpiece is 
•d) machine control means for 
£e~^uch that an operating angle of 
ools, relative to said each workpiece 
Is" adjusted and said [working operation of the machine on 
said each workpiece Is terminated, on the basis of said 
diameter values of saik two end working portions measured by 
said in-process measuring heads, in relation to two 
reference values set for said two end working portions, 
respectively, said feedback compensating apparatus being 
used with said posttprocess measuring device and said 
machine control means , said apparatus comprising : 

determining leans for determining two compensating 
values for adjusting slid two reference values, on the basis 
of said diameter value! of all of said plurality of working 
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portions of said each workpiece measured by said 
post-process measuring device; and 

applying means fJr applying said two compensating 

values to said machine control means. 



adjusting 



said 



24. A f 
according to claim 23, 
includes : 

diameter 
diameter values of said 
workpiece measured by 
the basis of the diameter 
working portions measu 
device ; 

data obtaining 
error data relating to 
two end working portions 
values of said two end 
diameter adjusting means 

means for 
for adjusting said two 
said dimensional error djata 



iedback compensating apparatus 
wherein said determining means 



means for adjusting the 
two end working portions of the 
post-process measuring device, on 
values of all of said plurality of 
by said post-process measuring 

means for obtaining dimensional 
dimensional error of each of said 
on the basis of the diameter 
working portions adjusted by said 
and 

said two compensating values 
reference values, on the basis of 



determining 



25. A ™=thod of processing a plurality of 
worfcpieces by a worKi.g systen, including (a, a wording 
machine for successively processing said plurality of 
workpieces one after another, each of said worfcpieces having 
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. plurality of worKins Prions in «- - • 

of ooaxial outer cylindr =al surfaces arrant in an axial 
erection thereof, said „or*in, nacMne incline an array 
0£ WO rKin 9 tools which correspond to said plurality of 
uort in 9 portions, respec Lely. said array of worKino tools 



being moved relative 
simultaneously process 
in-process measuring de 



to said each workpiece to 

said working portions, lb) an 

ice having two in-process measuring 

■ dimeter values of respective two end 
heads for measuring diameter vaiu 

W orking portions of slid plurality of working portions 
dur ing a working oper fion of said machine on said 
W ork P iece, said two en working portions being 
opposite axial ends of said each workpiece, CO a 

^device for measuring diameter values 
post-process measuring ^device ro 

af/ioAng persons, respectively, after 
of said plurality of/ Wooing p«^- 

. / l/W-essed by said machine, and (d) 
said each workpiec,e if P^ecessea y 

«. i n*L/U controlling said machine such that 
machine control mea*s for co relatiV e 

*L,id array of working tools relative 
an operating angle of said array 

Ousted and said working 
to said each workplace is adjusted 

I ^. nn <;aid each workpiece is 
operation of the mkchine on said 

«» basis of said diameter values of said two 
terminated, on the basks 

end working portions Measured by said 

h eads in relation to two reference values set for said two 
working portions,) respectively, said method comprising 

^ StSPS Ilrmining L compensating values for adding 
said two reference values, on the basis of said diameter 
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values of all of said plurality of working portions of said 
each workpiece measured by said post-process measuring 
device and 

applying for applying said two compensating values 
to said machine control neans. 

26. A feedback compensating apparatus for a 
working system including (a) a working machine for 
performing a working operation on each of at least one 
working portion of each of a plurality of workpieces of at 
least one kind, to process said each working portion as 
desired, such that working operations on said plurality of 

successively one after another, (b) 
>r determining a working condition of 
isis of/an extraneous signal, and 
<ording to the determined working 
post-process measuring device for 



workpieces take place s 
machine control means 
said machine on 
controlling said 
condition, and 




measuring actual dimensions of the working portions of the 



workpieces processed 
compensating apparatus 



dimensional 
set of dimensional e:: 
error of the processed 



by said machine, said feedback 
being used with said machine control 
means and said po|t- P rocess measuring machine, said 
apparatus comprising: 

data obtaining means for obtaining a 
ror data relating to a dimensional 
working portions of the workpieces, 



for each of said at lelst one kind of the workpieces, on the 



basis of outputs of sa 



,d post-process measuring device; 
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numfcer data obtaining means for obtaining the 
number of preyed worses of each of said at least 
one Kind which have been processed by said machine and «h,=h 
have not been measured by 

device ; and 

compensating means 
extraneous signal a cc^nsati g vaiue for said each Kind of 

^ basis of said set of dimensional 
the workpieces, on the basis or 

err or data and said number of said pre-measured workpieces 
of the corresponding kind whi h have been obtained by said 

jneans- and said number data 
lv, said compensating means 



dimensional data , obtaining 
obtaining means, respective 



said post-process measuring 
for determining as said 



oDtaminy ' - / ^ , 

„ ue to ysaid machine control 

applying said compensating y^ue ty* 

/ <i 0 n of said machine for 



means, to adjust said working/^-- 

of saidf^ch kind to be subsequently 
the workpieces of saio^ec*- 

processed. 

27 a feedback compensating apparatus 
according to claim U. — in said plurality of worKpieces 
are of a single Kind, and , aid compensating means — 
m emory means for storing a plurality of control rules wh, 
correspond to selected respective values of said - 
said pre-measured worKpi-s and which de tl ne respects 

• ^ said compensating value and 

different relationships between said 

a*+* for said single kind or 
sai d set of dimensional erJor ^ 

pieces, said memory mejns also sto-g 
data groups which correspond to sa.d plurality 
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rules and which defini relationships between said number of 
said pre-measured worlpieces to be obtained by said number 

and an optimum degree of influence of 
be given on said compensating value to 
compensating means determining the 



data obtaining means, 
said control rules to 
be determined, said 



obtaining means, said 



optimum degree of influence of each of said control rules, 
which optimum degree corresponds to said number of said 
pre-measured workpieLs obtained by said number data 



compensating means determining said 
compensating value baled on the determined optimum degree of 
influence, said plurality of control rules and said 
dimensional error datr. 



28. 

workpieces by a 



lod o¥ processing a plurality of 

1/ V 1 

{ing-^system including (a) a working 
machine for perfo^ilg a working operation on each of at 
least one working portion of each of said workpieces of at 
least one kind, to Arocess said each working portion as 
desired, such that wojrking operations on said plurality of 

successively one after another, (b) 
for determining a working condition of 
basis of an extraneous signal, and 
ie according to the determined working 
post-process measuring device for 



workpieces take place 
machine control means 
said machine on the 
controlling said machij 
condition, and (c) 



measuring actual anions of the working portions of the 
worKpieces processed bjj said machine, said method comprising 

the steps of: 



• 
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obtaining a feet of dimensional error data relating 
to a dimensional error' of the processed working portions of 
the workpieces.. for eich of said at least one kind of the 
workpieces, on the bksis of outputs of said post-process 

measuring device; 

obtaining tie number of pre-measured workpieces of 
each of said at least one kind which have been processed by 
said machine and wiich have not been measured by said 



post-process measuring 
determining 



device ; 

as said extraneous signal a 
compensating value fear said each kind of the workpieces, on 
the basis of said sst of dimensional error data and said 
number of said pre-m sasured workpieces of the corresponding 
kind which have be jjk obtained by said dimensional data 
obtaining means anil J^aid number data obtaining means, 
respectively; and/ a E J^^id compensating value to said 



machine control meaf 
said machine for tt 



.s, to adjust said working condition of 
e workpieces of said each kind to be 



subsequently processed. 

29. A feedback compensating apparatus for a 
working system including (a) a working machine for 
successively processing a plurality of workpieces, (b) 
machine control meani for determining a working condition of 
said working machine on the basis of an extraneous signal, 
and controlling sail working machine according to the 
determined working condition, and (c) a measuring device for 
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n 

measuring actual dimensions of working portions of the 
workpieces processed oy said working machine, said working 
system permitting existence between said machine and said 



measuring device , of 



at least one pre-measured workpiece 
which has been processed by said machine and which has not 
been measured by Sc.id measuring device, said feedback 
compensating apparatus; being used with said machine control 

:.ng device, said apparatus comprising: 

means for determining as said 
compensating value for adjusting said 
said machine for the workpieces to be 



means and said measur 
i determining 
extraneous signal a 
working condition of 



actual dimensions of 



processed subsequently by said machine, on the basis of the 

the working portions of the workpieces 



which have been mes^urWd by said measuring device, said 
determining means ytolauig saic^e^npensating value from time 
to time on an Lnt^A^tt^tt basis while said workpieces 
processed by said machine are measured successively by said 



measuring device; aid. 



applying 



value to said machixe control means. 



30. 



compensating 



according to claip 
updates said 
present value, and 
a first one of thfe 



means for applying said compensating 



A feedback compensating apparatus 
29, wherein said determining means 
value from a last value to a 
determines said present value only after 
workpieces processed by said machine 



• 



- 214 - 



under the working condition 
been measured by said 



measui ing 



adjusted by said last value has 
device. 



31. A feedback compensating apparatus 



according to claim 29, 
includes memory means for 



therein said determining means 
storing measured values of said 
actual dimensions of the processed workpieces obtained by 
said measuring device, ani determines a present value of 
said compensating value cn the basis of a predetermined 
number of said measured vaLues stored in said memory means, 

measured values stored in said 
equal to or larger than said 



when the number of said 
memory means has become 



predetermined number, said determining means clearing said 



memory means and resuming 
measured values obtain* 
completion of determina 

32. A 

according to claim 29 
includes memory means f 



said measuring device, 
said compensating value 
number of said measured 
when the number of sa:. 



r an| operation to store therein said^ 
said/measuring device, after 
of said present value. 

eedback compensating apparatus 
wherein said determining means 
r storing measured values of said 



actual dimensions of this processed workpieces obtained by 



and determines a present value of 
on the basis of a predetermined 
values stored in said memory means, 
.d measured values stored in said 



memory means has becoile equal to or larger than said 
predetermined number, s\id determining means clearing said 
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memory means and resuming an operation to store therein said 
measured values obtained by said measuring device, after a 
moment when said measuring device has measured a first one 
of the workpieces processed by said machine under the 
working condition adjusted by said present value. 



33. A | feedback compensating apparatus 
according to claim "$2, wherein said determining means 
includes memory means (for storing measured values of said 
actual dimensions of the processed workpieces obtained by 
said measuring device, said determining means effects 
primary compensation and auxiliary compensation to update 

said compensating val 

said primar^ compensation comprising determining a 

primary compensat 
first number of 




Jilue/on the basis of a predetermined 
measured values stored in said memory 
means, when the numLer of said measured values stored in 
said memory means las become equal to said predetermined 

first number, 

said auxiliary compensation comprising continuing 
to store said measired values in said memory means even 

of determination of said primary 
and determining a present provisional 
compensating value Ion the basis of a predetermined second 
number of said measired values stored in said memory means, 
when each of the processed workpiece is measured by said 
measuring device, during a time period between a moment of 



after completion 
compensating value , 




• 
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the completion of determination of said primary compensating 



value and a moment not 
immediately preceding 



ater than a moment when a workpiece 
a first one of the workpieces 
processed by said macaine under the working condition 
adjusted by said prinary compensating value has been 
measured by said measuring device, said determining means 
determining as a final auxiliary compensating value a 
difference of said present provisional compensating value 
from a last provisional compensating value which immediately 
precedes said present provisional compensating value, said 
primary compensating value being used as said last 
provisional compensating values upon determination of said 
final auxiliary compensating value for the first time, 

ii\ig means clearing said memory means 
ion to' store therein said measured 
measuring device, after a moment 
when said measuring jevice has measured said first one of 

the workpieces, 

said applying means applying said primary 
compensating value and said final auxiliary compensating 
values to said machins control means. 



said dete 
and resuming an 
values obtained (by/ s 



iper 



34. A 

according to claim 



feedback compensating apparatus 
33, wherein said determining means 
includes a counter fjor counting the number of said final 
auxiliary compensating values successively determined in 
said auxiliary compensation, said determining means 
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terminating said auxiliary cessation if a sun of at least 
a predetermined number of saLd final auxiliary compensating 

number of the determined final 
values when the counted njimber or 

va iies has become equal to said 
auxiliary compensating valjies 

• a „n,w»r is nit substantially equal to zero, 
predetermined number, is nax. 

• • auxiliary compensation with said counter 

and continuing said auxiliary c«hf 

cleared, if said sum is substantially zero. 

35. A feedback compensating apparatus 



according to claim 29, 
includes memory means for 
actual dimensions of the 



actual QiraeuBi««« — — 

•n« device and determines a present value of 
said measuring device, 



said compensating value 

numb er of said measured/6lV stored in said memory means 

/ A y ~ _ i--n**++A i n said 



when the number of s 
memory means has becdl 



i< . 



wherein said determining means 
storing measured values of said 
processed workpieces obtained by 



,n the basis of a predetermined 



neasi 



id values stored in said 

^ual to . or larger than said 

memory means hm ~— — r 

predetermined number. sa L d determining means clearing sa,d 

me mory means after completion of determination of -d 

present value, 

said determining means obtaining an estimated 

value of said actual dimensions of the workpieces, on the 

present one of said measured values, when each of the 

[neasured by said measuring device to 
of said measured values, during a 



processed workpieces is 
obtain said present one 



obtain sdiu - . eMre 

time period between a ,oment « h en said operate to 
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said measured values in i.id memory means is resumed and a 
moment not later than a Joment when a workpieoe Mediately 
preceding a first one oi the workpieces processed by said 
machine under the working condition adjusted by said present 
value of said compensate, value has been measured by said 
measuring device, said determining means determining said 
estimated value as a dimension of the workpiece which would 
be measured by said meaning device if said workpiece were 
processed under the working condition of said machine 
adjusted by said present value of said compensating value, 

storing said estimated value in said 
ctual dimension of said workpiece 
irately preceding s^id first one of the workpieces, each 
time said estimated vjlue is obtained during said time 
period. 



said determining means 
memory means as said 



36. A 

according to claim 29 
includes memory means f 




feedback compensating apparatus 
wherein said determining means 
or storing measured values of said 



induces memo** m^»«- 

„-f the orocessed workpieces obtained by 
actual dimensions of the processes 

effects 



• „ Awick said determining means effects 
said measuring device, saia 

- n A auxiliary compensation to update 
primary compensation ^nd auxiliary co v 

said compensating value, 

said primary compensation comprising determining a 
primary compensating v lue on the basis of a predetermined 
£i rst number of said lasured values stored in said memory 
m eans; when the number of said measured values stored rn 





said memory means has 
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become equal to or larger than said 

predetermined first number, 

said auxiliary compensation comprising continuing 
to store said measured, values in said memory means even 
after completion of determination of said primary 
compensating value, ani determining a present provisional 
compensating value on the basis of a predetermined second 
number (L) of said measured values stored in said memory 

processed workpieces is measured by 
luring a time period between a moment 
>f determination of said primary 
a moment not later than a moment when 



means, when each of the 
said measuring device, 
of the completion 
compensating value and 
a workpiece immedi 
workpieces proces 
condition ad juste 
been measured by ^aid 
means determining as a 




preceding a first one of the 
said/machine under the working 
primary compensating value has 
measuring device, said determining 
final auxiliary compensating value a 



difference of said prssent provisional compensating value 



from a last provisional 
precedes said present 
primary compensating 



compensating value which immediately 
provisional compensating value, said 
value being used as said last 
provisional compensating values upon determination of said 
final auxiliary compensating value for the first time, 

said determining means clearing said memory means 
after completion of Isaid auxiliary compensation, and 
obtaining an estimated (value of said actual dimensions of 
the workpieces, on the basis of said final auxiliary 
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compensating value and 
values, when each of the 
said measuring device to 
measured values, during s 



i present one of said measured 
processed workpieces is measured by 
obtain said present one of said 
time period between a moment when 
said operation to store £:aid measured values in said memory 
means is resumed and a miment not later than a moment when a 
workpiece immediately preceding a first one of the 
workpieces processed by said machine under the working 



condition adjusted by 
been measured by said 



said primary compensating value has 
measuring device, said determining 
means determining said Estimated value as a dimension of the 
workpiece which would Je measured by said measuring device 
if said workpiece were processed under the working condition 

ed by said present value of said 
aid determining means storing said 
S memory means each time said 



of said machine adj; 
compensating value 



estimated value / iy 

estimated value is obtained during said time period, 

said applying means applying said primary 
compensating value aid said final auxiliary compensating 
value to said machine control means. 



37. A 
according to claim 



feedback compensating apparatus 
36, wherein said determining means 
includes a counter Jor counting the number of said final 
auxiliary compensating values successively determined in 
said auxiliary condensation, said determining means 
terminating said auxiliary compensation if a sum of at least 



# 



- 221 



a ^determined number ofNsaid final auxiliary compensating 

number of the determined final 



values when the counted 



Vdiuca . , 

values has become equal to saia 
auxiliary compensating values 

. . if— *-n 7.BrO. 



predetermined number, is 



workpieces by a workinc 



not substantially equal to zero, 

•«„ „id auxiliary compensation with said counter 
and continuing saia auxixxoii 

cleared, if said sum is substantially zero. 



38. A melhod of processing a plurality of 



system including (a) a working 



WOrKpietieo «i - _ . . 

■ vr processing the workpieces, vo) 
machine for successively processing 

„«w/*irion OI 



machine control means for 
said working machine on 



determining a working condition of 
the basis of an extraneous signal, 



saia wui^xuy * ^ 

^ cotroUi.* said r **, " 

a / . \ ... „,4 nn rt^vice for 



determined working conj 
measuring actual d 
workpieces processe 
system being adapted 



ieni 



pre-measured workpiece 
machine and which has 



Lons 



\and (c)a measuring device for 
working portions of the 
s^iTworking machine, said working 
to permit existence between said 



^ - — -ce, - « one 



which has been processed by said 
LOt been measured by said measuring 

device, said method comprising the steps of: 

determining as said extraneous signal a 

* Liustina said working condition of 
compensating value for kd 3 usting 

for the workpieces to be processed subsequently 
said machine for the wor».pj. 

\ * 4-v,« artual dimensions or 

by said machine, on the basis of the actual 

J the workpieces which have been 
the working portions of\ the wor* P 

■i ^ V i ce said determining means 
measured by said measuring device, 
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updating said compensating 
intermittent basis while 
machine are measured succes 
and 

applying said 
control means. 



value from time to time on an 
slid workpieces processed by said 
sively by said measuring device; 



working system including 



compensating value to said machine 



39. A feedback compensating apparatus for a 



machine on the basis 
controlling said workin 
working condition, an^L (c) 
actual dimensions o 



means and said measuring 



micr 



(a) a working machine for 
successively processing thl workpieces, (b) machine control 
me ans for determining a working — «*» °* "id 

of an extraneous signal, and 
Ane according to the determined 
)/a measuring device for measuring 
SkWportions of the workpieces 
processed by said wirking machine, said, feedback 
compensating apparatus beLn, used with said machine control 

ievice, said apparatus comprising: 
determining mans for determining, as said 
extraneous signal a compensating value for adjusting said 
working condition of said machine for the workpieces to be 
processed subsequently b:r said machine, on the basis of the 
actual dimensions of th, working portion of the workpieces 
which have been measured by said measuring device, and 
according to a compensation rule which changes with a change 
ln a vibration level U measured values of said actual 
dimensions obtained by Jaid measuring device; and 



# 
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applying means for 



L 



value to said machine control means 



40. A 



according to claim 39, where: 



pplying said compensating 



feedback compensating apparatus 



n said compensating means 



includes memory means for storing data representative of a 



plurality of control rules, and 
compensation rule one of said 



means for selecting as said 
plurality of control rules 



depending upon said vibration lUl of said measured values. 

41. A feedback compensating apparatus 
according to claim 39, wtJelk said compensating means 
includes means for measuring Aviation level of said 
measured values, adjustiniJiredetemined compensation rule 
depending upon the measured vibration level, and determining 
said compensating value according to the adjusted 
compensating rule. 

42. A meth«. of processing a plurality of 
workpieces by a working system including (a, a working 
machine for successively ..rocessin, the workplaces, (b) 
machine control means for determining a working condition of 
said working machine on tta basis of an extraneous signal, 
and controlling said wording machine according to the 
determined working condition, and ( = ) a measuring device for 
measuring actual dimensions of working portions of the 
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workpieces processed by s^id working machine, said method 
comprising the steps of: 

determining as/ said extraneous signal a 
compensating value for adjusting said working condition of 
said machine for the workdieces to be processed subsequently 
by said machine, on the basis of the actual dimensions of 
the working portion of I the workpieces which have been 
measured by said measuring device, and according to a 
compensation rule which ihanges with a change in a vibration 
level of measured valued of said actual dimensions obtained 
by said measuring device; and 

applying said] compensating value to said machine 

control means . 



jack compensating apparatus for a 
working system ^hcliding (a) a working machine for 



performing a working 



operation on each of at least one 
working portion of each of a plurality of workpieces, to 
process said each working portion as desired, such that 
working operations on said plurality of the workpieces take 
place successively one after another, (b) machine control 



means for determining i 



a working condition of said working 
machine on the bakis of an extraneous signal, and 
controlling said working machine according to the determined 
working condition, anl (c) a measuring device for measuring 
actual dimensions of the working portions of the workpieces 
processed or under processing by said working machine, said 



- 225 - 



\ i~<* ,.=ed with said machine 

jeedbac* compensating apparatus being used 

- • „ j^ice said apparatus 

control means and said measuring device. 

comprising: I dimensional 

data obtaining msans tor 
data on tbe basis of output, o £ said measuring device during 
r ist one o t a first J- and a second Period foxing 
sal d first Period, said Uing operation on sa. « 
working portion being per Lrmed during — f P 
S aid dimensional data in= uding a dimensional error 
working portions of the Jrkpieces; and 

" 9 . „„ ins 4or determining a compensating 

compensating me ins for o«n. 

value as said extraneofs signal on the basis o - 



affecting the adjustment of said 
^2d machine according to the 
Llu^when said compensating value 
Ldleidned tolerable range, said 



dimensional data, and 
working condition of 
determined compensating 

U outside a e adjustment of said working 

compensating mea» ^ when said 

condition according to saia 

, f*lls within said tolerable range, 
compensating value f allj* witm 

44 A lethod of Processing at least one 
L a nn each of a plurality of 

::r.'j:~rl.- — ■— 

the steps of: 1 inC luding a dimensional 

obtaining dimensional data 

\ • nf the workpieces, during at 
error of the working Prions of the 



# 
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le ast one of a first pejriod an, a second period follow^ 
said first period, saik working, operation on said each 
working portion being P e formed during said first period; 

determining J compensating value as said 
extraneous signal on the basis of said dimensional data; and 

adjusting said working condition of said wooing 

,. nfl to slid compensating value when said 
machine according to saw * 

^ outside a predetermined tolerable 
compensating value is fcutside a 

the adjustment of said working 
said compensating value when said 
within said tolerable range. 



range, and inhibiting 
condition according to 
compensating value falls 



45. 

working system 1 
successively proce 
means for determining a 
machine on - the basiis 
controlling said workinj 
working condition, and 




processed by said 
compensating apparatus 



,ack compensating apparatus for a 
a working machine for 
^Trkpieces, (b) machine control 
working condition of said working 
of an extraneous signal, and 
machine according to the determined 
O a measuring device for measuring 



working condition, and (c) a measuring 

• • ns of irking portions of the workpieces 
actual dimensions of irking 



working machine, .said feedback 
being used with said machine control 
_ an* «U — -ice. ^ apparatus 

.i.inn of said machine (110), 
adjustment of said wording condition 

means determining as saia 
said manual compensating means 

• m al a manual compensating value to adjust said 
extraneous signal a manuax 
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working condition of saifl machine, in response to manual 



compensating data entered 



said manual compensating means applying said manual 



compensating value to said 



automatic compensating means for effecting an 



automatic adjustment of 
automatic compensating 



the workpieces which havp 
device , said automatic 
automatic compensating 

said auto 
operation to effecit 3fc 



by an operator of said machine, 



machine control means; and 



said working condition, said 
neans determining also as said 
extraneous signal an automatic compensating value for 
adjusting said working condition of said machine for the 
workpieces to be processei subsequently by said machine, on 
the basis of the actual dimensions of the working portion of 

been measured by said measuring 
compensating means applying said 

k e to said machine control means, 
Compensating means interrupting an 
omatic adjustment when said 



itic 



started, and resuming 
automatic adjustment, at 



manual adjustment M*y sjiid manual compensating means is 

said operation to effect said 
a moment not earlier than a moment 
when a first one of the Aorkpieces processed by said machine 
under the working condition adjusted by said manual 
compensating value has been measured by said measuring 
device . 

46. A feedback compensating apparatus 
according to claim 45, wlierein said automatic compensating 



means includes memory me 



i^ns for storing the dimensions of 
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the processed workpieces which are successively measured by 
said measuring device, slid automatic compensating means 
determining said automatic) compensating value on the basis 
of the dimension of the I workpiece measured last by said 
measuring device, and at least one dimension previously 
measured and stored injbaid memory means, said automatic 
compensating means Eesunihg fcne operation to effect said 
automatic adjustment jfa storing the dimensions to be 
subsequently measured wi.th said memory means cleaned, at 
said moment not earlier :han said moment when said first one 
of the workpiece has beei measured. 



